INTRODUCTION
The dairy industry, dominated by smallholder farmers, has been recognised as one of the most important industries in Tanzania in the quest to attain human food security and good welfare 13, 21, 25 . The smallholder farmers often keep fewer than 10 cattle with milk yields of less than 10 litres per cow per day and 89 % are zero-grazed 25, 29 . The farmers are increasing the use of exotic dairy cattle and their crosses in order to increase their milk yields 18 . However, these exotic cattle are less tolerant to local diseases which may result in high mortality 24 . Currently, country demand for milk exceeds production and there is a projected growth of the sector 19 . In anticipation of this growth, potential production constraints, among them animal health, need to be identified. Efficient production and limited losses are important for the farmers to realise maximum benefits from their enterprises. In order to minimise these losses, the causes of morbidity and mortality and the associated risk factors need to be identified and appropriate control measures implemented 1, 5, 13, 22 . However, little is known about the causes of morbidity and mortality and their risk factors on smallholder dairy farms in Tanzania. A fuller understanding of the causes of dairy stock deaths and mortality patterns will help in: 1) identifying major management problems in the herds and hence areas for improvement; 2) guiding research efforts; and 3) guiding extension personnel, veterinarians and policy makers to the important management and disease control problems on dairy farms.
In this study we first aimed to identify the major causes of mortality of smallholder dairy cattle in 2 regions of Tanzania, and secondly to identify and quantify potential animal and management risk factors for these causes. The purpose of this study was to generate baseline epidemiological data that could facilitate the development of effective interventions to control mortality on smallholder dairy cattle.
MATERIALS AND METHODS

Study sites and population
This study was conducted on smallholder dairy farms in 2 separate regions (Iringa and Tanga) of Tanzania.Tanga region is situated on the northeastern corner of Tanzania (longitude 36°E and 38°E and latitude 4°and 6°S) and Iringa region is 1 of 3 in the southern highland zone of Tanzania and lies between latitude 07°39'and 08°06'S and longitude 35°30' and 36°04'E. Detailed information on study areas are described elsewhere 24 . The type of animals kept in smallholder units includes taurus breeds (Friesian, Ayrshire, Jersey, Simmental) and crosses of these breeds with indicus breeds (Tanzania shorthorn zebu, Boran and Sahiwal). The level of genetic make-up from taurus breeds varies from 50-85 %. Animals with taurus breed genetic makeup of 50 %, 62.5 % and above were classified as F1, F2 and F3, respectively. Studies were carried out in 4 administrative districts of Tanga region and 2 administrative districts in Iringa Region.
Study design and sample size estimation
This retrospective cross-sectional study was conducted between January and April 1999. The sample size of 200 farms, randomly selected from each region, was estimated using Epi-Info version 6.04b 6 (CDC, Atlanta, USA) in order to provide 80 % power to detect a relative risk of 2.0 with 95 % confidence and 'design effect' of 2.0 8 . Exposure to disease was estimated to occur in 40 % of the cattle population in which 5 % of unexposed died. Farms in each study region were randomly selected from a sampling frame of 3001 in Tanga and 500 in Iringa, using the databases of the Tanga and Iringa Dairy Development Projects. The average herd size was estimated to be 3 cattle. A smallholder dairy farm was defined as one with 10 cattle or fewer (of all ages and sexes).
Data collection
Information was gathered through a pre-tested, structured questionnaire, which was administered on a single day visit, on all 200 farms in each region. Of necessity, data were collected from farms by 2 separate teams, 1 in each region. Two of the authors, ESS and EDK, personally administered questionnaire in Tanga and Iringa region, respectively.
The information collected concerned the farm management events that occurred during 1998. Farmers were asked to give details of cattle that were alive at any stage during 1998. Information collection involved detailed tracing of all animals on the farm and examination of written records such as date of birth, deaths, movement on and off farm. Information collection procedures continued until all the ages of the cattle, dates of birth, dates of deaths and movements on to and off the farm agreed chronologically. Detailed information on variables investigated are described elsewhere 24, 27 . Identified animal and farm-level management variables were explored individually or together in multivariate regression models.
Data analysis
Mortality rate was estimated using the following equation: Animal days at risk are the total number of days the study animals were present during the year under study. An animal's number of days present during the study was calculated as the difference between its date of exit (or end of December 1998) and its date of entry (or start of 1998).
Mortality rate was converted into mortality risk from the following equation:
where e = natural base logarithm and -λ = exponentiated mortality rate. Mortality risk or risk rate (expressed as a percentage) is defined as the probability of an animal not surviving 1 year, assuming mortality events are exponentially distributed 16 . Mortality risks were estimated for various animal-and farm-level factors. For mortality estimates, the farm was the primary sampling unit. The study population was all dairy stock that was alive at any time during 1998. The outcome variable was the time to death or censoring (whether the animal left the farm or reached the end of the study period). Individual animal-and farm-level risk factors examined for both study sites, and their categories are detailed in Table 1 . Data were analysed using Epi-Info version 6.04d 6 (CDC, Atlanta, USA), S-plus 2000 (Math soft version Inc.) and EGRET for Windows version 2.0 4 
Survival analysis and statistical modelling
The non-parametric method of KaplanMeier 11 plot and semi-parametric 2 proportional hazard models were used to explore the determinants of time to death as a result of all causes. Farm IDs as a random effect (frailty term) 28 were added to the model in order to allow for possible variation attributed by farms. Multivariate models were used to explore the relationship between mortality and animal-and farm-level variables. The final models were constructed by a forward stepwise procedure and the criteria for inclusion and exclusion was a change of deviance significant at the 5 % level according to the maximum likelihood ratio test-chi-square distribution. KaplanMeier survival curves were plotted to show relationships between survival and key animal-and farm-level variables.
RESULTS
Descriptive statistics
%) or purchases for breeding (127; 24 %). At the end of the study, data were available for 894 and 895 animals for Tanga and Iringa regions, respectively. These animals were alive at some stage during 1998 and contributed to the period risk of 653.95 and 690.4 years for Iringa and Tanga, respectively. The distribution and annual mortality risks for each farm-level factor are summarised in Table 1 .
Reported causes of death and temporal pattern
The major reported causes of death and monthly pattern are shown in Figs 1 and 2. Tick-borne diseases (TBDs), specifically ECF, were reported to be the major cause of death. Deaths (all causes) were reported to occur in all months of 1998. Deaths due to ECF were reported to occur in all months of the year except January (Fig. 3) . Although not statistically significant, ECF mortality rates were highest from August to December.
Mortality rate estimates
Of the 1789 dairy cattle from both regions that were reported to have been alive at some stage in 1998, 148 were reported to have died between January and December 1998 including 4 stillbirths. Of these, 58 (39 %) were males and 90 (61 %) were females. Of the recorded deaths, 93 (62 %) were reported from Iringa and 55 (36 %) from Tanga, respectively. The overall estimated mortality rates by administrative region were 8.5 and 14.2 per 100 cattle years in Tanga and Iringa, respectively.
Factors associated with variation in mortality
Effect of age
Eighty-five (57.5 %) of 148 reported deaths were of young age stock <12 months old. Mortality in the 1-2 years age category represented 15.5 % of total mortality whereas mortality in animals over 2 years old represented 27 % of all mortality. Nearly half (45 %) of the recorded mortalies in young stock less than 12 months old were related to TBDs, mainly ECF and anaplasmosis (Fig. 4) . Mortality risk was well described after stratification of age of study animals as being born in 1998 (young stock) and before 1998 (older-age stock) (Fig. 5) . After allowing for confounding effect of sex and breed, higher relative risk was observed for young stock than older animals in both study regions (RR = 5.03, P = 0.005 and RR = 4.92, P = 0.001, Table 2 for Tanga and Iringa regions, respectively).
Effect of animal sex
The mortality risk by sex category is shown in Table 1 and Fig. 6 . The results of multivariate analyses are summarised in Table 2 . After allowing for confounding by age and breed, male animals in Tanga were 3 times more likely to die than females (RR = 3.66, P = 0.001). However, in Iringa there was no significant difference in the mortality rates of males and females (P = 0.690).
Effect of the level of taurus genetic make-up
In both regions, F1 animals were associated with increased mortality risk compared with F2 and F3 ( Table 1 ). This variable was strongly confounded by the age and the source of animals. After allowing for confounding with age, F2 animals in Tanga were 3 times more likely to die than F1 animals from multivariate survival analysis model estimate (RR = 3.04, P = 0.003). Mortality amongst F3 was not significantly different when compared with F1 (P = 0.170). In Iringa, mortality rates between F1 and F2 and F3 were not significantly different (P = 0.910).
Effect of ECF immunisation
In a univariable (Cox-proportional hazard model) analysis, immunised animals in Tanga were associated with lower death rates compared with non-immunised animals (RR = 0.52, P = 0.001, Table 1 ). The relationship in Iringa was not significant (P = 0.970). This variable was strongly confounded by age, sex and level of taurus genetic make-up. However, in both regions, the sample size of the vaccinated animals was too small to make any meaningful statistical conclusion.
Attended training course
In both regions, mortality risk for cattle belonging to farmers trained in basic animal husbandry was less compared with that in cattle belonging to untrained farmers in the univariate survival regression models (RR = 0.52, P = 0.053 and RR = 0.30, P = 0.001 for Tanga and Iringa respectively, Fig. 7) . Training remained as an explanatory variable for mortality risk in Iringa in the multivariate model. Training demonstrated a protective effect from the multivariate regression model analysis (RR = 0.47, P = 0.012). In Tanga, training was not significantly associated with mortality (P = 0.061).
Effect of grazing
On univariable analyses, grazed animals were significantly associated with decreased mortality in Iringa but not in Tanga (RR = 0.64, P = 0.050 for Iringa and RR = 1.73, P = 0.230 for Tanga) ( Table 1) . After allowing for confounding with age, sex and farm, grazing was not significantly associated with mortality in the final multivariate models.
Effect of geographical location
The mortality risk for each district category is reported in Table 1 other districts. Farm classification (urban, peri-urban and rural) and agro-ecological zone (AEZ) confounded this variable. However, in both regions and in both models, geographical location of animals was not significantly associated with mortality (P = 0.333 and P = 0.960 for Pangani and Iringa Urban, respectively). No other variables examined were significantly associated with mortality from the 2 studied regions.
DISCUSSION
In both regions, the 'young stock' age group was at a higher risk than older stock. This finding is consistent with other studies in East and Central Africa 7, 9, 15 . In our study young stock mortality was a significant problem; nearly half of the young stock died within the 1st year of life. Age was considered as static variable and non-time dependent covariate. Including it as a time dependent variable made no difference to the conclusion (data not shown here). Some studies in the USA have shown that in well-managed dairy herds, young stock mortality does not exceed 5 % from birth to 30 days of age 23 . If young stock mortality rate is taken as an indicator of quality of husbandry practice, then it would appear husbandry practices on most smallholder farms was generally poor because of the high mortality of 16-25 per 100 animal year-risk observed. This observation is well supported by the higher rate of unknown and non-infectious causes of deaths reported in this study, suggesting the need to improve husbandry practices.
Despite the fact that studied animals were at risk of a variety of causes of mortality, mortality owing to TBDs (ECF and anaplasmosis) was reported to account for over 1 3 of all deaths, consistent with other studies in some parts of Tanzania 12, 17, 22 . This observation confirms our findings that current intensive tick control methods used on the smallholder farms 20 are ineffective in preventing animals from being exposed to infective ticks 26 . Similar observations have been reported in smallholder dairy farms of coastal regions of Tanzania and Kenya 15, 24 . Our observations suggest the need for a re-assessment of recommendations for tick control on smallholder dairy farms in these regions of Tanzania.
Mortality rates for male animals in Tanga were higher than for those in female cattle, perhaps reflecting the relative value attached to female stock, either as future replacement stock or as animals for sale. This may also reflect the high economic cost of feeding male calves with milk in the specialist dairy farming system 7, 9 . The lower observed mortality rates for male animals than in females in Iringa may warrant prospective studies aiming at looking for detailed sex-specific variables associated with mortality in this region.
The attendance of a farmer at a training course appeared to be protective against mortality of his or her animals. This suggests the extension messages of existing (or past) training courses have been effective in reducing mortality. The effect of training on mortality may have been due to early recognition and treatment of clinical cases. In Tanga, training was not significantly associated with mortality. Lack of association could be linked to the nature of the diseases, i.e. ECF, which is highly prevalent and difficult to treat once established and the lack of efficient animal health delivery services in most of the rural setting.
Animals with high levels of taurus genetic make-up (F2 and F3) had higher mortality risk than F1 after stratifying by age. Some studies in East Africa and elsewhere in the tropics have shown that F1 cattle are better able to acclimatise to a tropical environment than are taurus cattle or their crosses (above F1) 10 . Their ability to withstand disease, harsh nutritional and environmental condition, most likely due to heterosis 3 , may place F1 crossbred at an advantage over those with a higher level of taurus blood despite their generally lower milk yield.
CONCLUSION
In this study, reported mortality rates were very high, particularly for animals aged less than 12 months, suggesting that improvements in management are needed. There was further evidence that disease events were spread throughout the year, with no discernible monthly pattern, suggesting strict and closer following of disease control packages (if any exist). Tick-borne diseases were identified as a major cause of mortality, but detailed studies of cause-specific mortality are required to confirm how reliable farmer reporting is at identifying these causes. If the reports are correct, tick and tick-borne disease control strategies on these farms should be re-addressed. Male calves were more likely to die than females (but in Tanga only), possibly because of lack of care due to their low economic value. Although our study suggests that farmer training programmes used to date seem to have been effective in reducing young stock mortality, the need to further improve husbandry practices was highlighted.
